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Abstract 
Volgograd State Technical University (Russia) has collaborated with BISS-ITW (India) and Test Rigs (Russia) to develop a 
unique research and testing servo-hydraulic complex designed to study various vehicles suspension units to determine their 
elastic-damping characteristics and vibration isolation properties. Bench equipment allows to test individual suspension 
components (hydraulic and gas-filled shock absorbers, coil springs, leaf springs, shock absorber struts, pneumatic and hydro-
pneumatic springs, wheels and tires, bushings) and the single support suspension unit as an assembly with sprung mass 
corresponding to the real load on the wheel. The test program set the operating modes of the suspension units at the kinematic 
and force excitation using servo-hydraulic equipment that is controlled by a special software suit. The capabilities of the test rig 
allow to obtain the real characteristics of the tested suspension system elements and a comprehensive assessment of their 
efficiency in the modes which are typical for operating conditions of the vehicle suspension. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the International Conference on Industrial Engineering (ICIE-
2015).
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1. Introduction 
Testing of the vehicle suspension units and determination of their characteristics is performed on various types of 
special and universal test rigs. Industrial plants mainly use test rigs that have narrow functionality. They are usually 
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designed for endurance tests of a particular suspension element or suspension unit with the wheel. However, 
suspension systems development requires universal multifunctional test rigs that would allow to test various types of 
suspensions and wheels in conditions similar to operational modes of loading [1-25].  
Volgograd State Technical University (Russia) with the companies BISS-ITW (India) and “Test rigs” (Russia) 
developed a unique research and testing servo-hydraulic complex intended for analysis of the characteristics and 
vibration isolation properties of the various vehicles suspension units. The versatility of the test rig equipment allows 
testing individual elastic and damping elements of the suspension system, and the single-support suspension unit as 
an assembly with sprung mass corresponding to the real load on the wheel. In 2015, research and testing servo-
hydraulic system was installed at the Department of Automatic Units of the Volgograd State Technical University 
and included in the equipment of the Testing Laboratory of the university. 
2. Structure and functionality of the rig 
The main structural elements of the rig are horizontal support base 1, hydropulser 2, vertical post guide 3 with 
moving frame 4 and loads 5 simulating the sprung mass, and winch 6 (Fig. 1).  
Fig. 1. Solid model and photographic image of the test rig:  
1 – base frame stand, 2 – hydropulser, 3 – vertical post guide, 4 – movable frame, 5 – loads, 6 – winch, 7 – the test element 
In addition, the system comprises a pumping station with a radiator and servo-hydraulic valves, a box for 
electronic control of the test rig operation modes and for recording the registered parameters. The rig can test  
hydraulic and gas-filled shock absorbers, coil springs, leaf springs, shock absorbers struts, pneumatic and hydro-
pneumatic springs, wheels and tires, bushings, single-support suspension units with the sprung mass corresponding 
to the real load on the wheel. 
Main parameters of the research and testing servo-hydraulic complex are given in table 1. 
Test program sets various operation modes of the suspension units at kinematic and force excitation using servo-
hydraulic equipment controlled by a special software complex.  
Dynamic modes of operation of the rig provide:  
x force excitation of the test element with a given vibration spectrum to determine its performance (in a closed 
loop); 
x kinematic excitation of the test element by vibration within a given spectrum with the free vertical movement of 
the moving loads simulating the sprung mass of a vehicle relatively to the frame of the rig to determine forced 
oscillations (in an open loop), including undulation road test simulation, road profile playback of different levels; 
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x definition of the free-damped oscillations of the sprung mass by the method of pull-up, drop or set a single 
hydropulser of the kinematic momentum; 
x determination of power characteristics of the test element when simulating free fall horizontal force on the basis 
of the definition of the contact force interaction. 
     Table 1. The main parameters of the rig 
Parameter  Value Dimension 
Hydropulser stroke range  10-6–0,5 m 
Hydropulser stroke speed range  0,001–2,4 m/s 
Hydropulser rod oscillation frequency range 0,0001–50 Hz 
Hydropulser maximum force:  
- during compression (test element tension) 
 - during tension (test element compression)  
50 
12 
kN
Test element maximum vertical dimension   1,5 m 
Main modes of the hydropulser operation:  harmonic 
triangular 
rectangular 
random 
Sprung mass range   0,2–2 t 
Movable loads vertical stroke range  ± 0,25 m 
Maximum force of the winch  30 kN 
Winch cable speed range 0,01–0,1 m/s 
Using the instrumentation and sensors it is possible to record absolute and relative vertical displacements 
(deformations), velocities and accelerations of the sprung and unsprung masses of the vehicle suspension and 
hydropulser rod, vertical force in the test element attachment point on the stem of the hydropulser, friction forces, 
pressure and temperature in the working cavity and on the surface of the test elements.  Multifunctional system of 
fixtures, fasteners and holes provides versatility and modular design of the rig (Fig. 1), because it’s mechanical part 
can be quickly adapted to various configurations and geometries of the test elements. 
Fig. 2 shows a high-pressure hydro-pneumatic spring of a special-purpose vehicle, a suspension unit consisting of 
shock absorber strut, spring and pneumatic wheel, and a gas-filled shock absorber mounted on the rig. 
a    b   c 
Fig. 2. (a)  A high-pressure hydro-pneumatic spring of a special-purpose vehicle, (b) a suspension unit consisting of shock absorber struts, 
springs, and pneumatic wheels, and (c) a gas-filled shock absorber mounted on the rig 
Examples of the recorded force curves while testing various suspension units in a closed loop are shown in Fig. 3. 
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Fig. 3 (a, b) presents a series of force curves of gas-filled shock absorbers for BMW X5 (Fig. 3,a) and Hyundai 
Sonata (Fig. 3,b) recorded when using a multi-stage program mode. 
Fig. 3 (c, d) shows single force curves of the springs with linear and nonlinear elastic characteristics. The force 
curve in Fig. 3(c) relates to leaf springs, and Fig. 3(d) shows a force curve of a high-pressure  hydro-pneumatic 
spring (in this case, the spring pressure is 2.0 MPa) at various amplitudes and frequencies of vibrations. 
a      b 
c      d 
Fig. 3. Force curves for tested gas-filled shock absorbers (a, b), leaf springs (c) and a hydro-pneumatic spring (d). 
The software as well as the hardware of the test complex has a number of features that differentiate a new rig 
from the previously known analogues. The first feature is the ability to control the operation of the hydropulser 
through the channels of force and displacement. The second feature is automatic and manual fine-tuning PID-
parameters of the high-speed servo valve. The third feature includes a mode of loading history and multistage 
programming of the test modes which can be generated standard forms of loading and operator input loading 
profiles. 
3. Conclusion 
Research and testing servo-hydraulic complex allows registering actual characteristics of the test elements of the 
suspension system and comprehensive assessment of their effectiveness in the typical operating conditions of the 
vehicles suspension. This results in the reduction of material and time costs, and improvement of the accuracy of the 
results when checking the technical condition of the elements of the suspension system, configuration management 
systems, its internal characteristics, the development of new types of suspension elements and algorithms for 
controlling their properties depending on the desired operating modes and specified test conditions. 
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